from 3 months to 17 years, with a median age of 3 years. The follow-up period ranged from 2 to 67 months, with a median follow-up duration of 14 months.
Each patient underwent a craniectomy and resection of the tumor, followed by adjunctive radiation and/or chemotherapy. Follow-up MR imaging studies were scheduled at 3-month intervals for 2 years, then at 6-month intervals for 2 years, and were obtained yearly thereafter, or as determined based on clinical symptomatology.
The study variables were OS and PFS. The OS measured the time from the initial surgery to the date of death or the end of the study period, whereas the PFS measured the time from the initial surgery to progression of the tumor (recurrence at the site of origin and/or metastasis) or the end of the study period.
RESULTS
Ten of the 11 patients presented with neurological signs and/or symptoms, which included the following: five (45.5%) with nausea and vomiting, five (45.5%) with cranial nerve deficits, four (36.4%) with headache, five (45.5%) with hydrocephalus, three (27.3%) with tonic-clonic seizures, three (27.3%) with ataxia, two (18.2%) with lethargy, and two (18.2%) with limb pain. Many patients presented with multiple signs and/or symptoms. One patient was asymptomatic, but a primary tumor was discovered in the third ventricle on follow-up MR imaging for treatment of hydrocephalus. The mean duration of symptoms before admission was 33 days, and ranged from 5 days to 4 months.
Nine of 11 patients had a single cerebral lesion (Fig. 1) . Eight of these patients had supratentorial mass lesions and one had an infratentorial mass lesion. One patient presented with mid-back pain due to an intradural spinal cord tumor, and another presented with cranial nerve palsies from a chiasmatic mass lesion and a second cerebellar lesion 4 ( Table 1) .
Effect of Treatment on Outcome
All patients underwent resection of the mass lesion. A gross-total resection of the tumor was achieved in nine patients, whereas partial resection was achieved in the remaining two. One of them had notable invasion of tumor in the rootlets of the spinal cord, and a total resection was not possible in the other due to the proximity of the tumor to the middle cerebral artery.
All patients underwent multiagent chemotherapy postoperatively (Table 1) . Six patients were treated according to the COG 99703 regimen, with three cycles of induction and three of consolidation chemotherapy, which was modified in five patients to include radiotherapy. The patient in Case 1 was treated according to the COG 99701 regimen, which called for simultaneous radiotherapy during the induction phase, followed by maintenance chemotherapy. The patients in Cases 2 and 6 were treated according to the COG 99702 regimen, which called for 6 weeks of craniospinal radiation after induction and stem cell harvest, followed by consolidation with three cycles of chemotherapy. The protocols were similar in the use of cisplatin, vincristine, cytoxan, carboplatin, thiotepa, and etoposide. The patient in Case 5 was treated with carboplatin, adriamycin, cisplatin, and doxorubicin. The patient in Case 11 received * Chemo = chemotherapy; CS = craniospinal radiation; FU = follow up; GTR = gross-total resection; LTF = lost to follow up; NA = not applicable; STR = subtotal resection.
† Carboplatin, adriamycin, cisplatin, and doxorubicin. ‡ Cisplatin, etoposide, vincristine, cytoxan, and methotrexate, followed by ifosphamide, carboplatin, and etoposide. a modified Head Start protocol (cisplatin, etoposide, vincristine, cytoxan, and high-dose methotrexate), followed ifosphamide, carboplatin, and etoposide.
The median duration of treatment was 6 months. Eight patients received cranial and three received craniospinal radiation. Three patients received no radiation in the postoperative period. Of these, the patient in Case 5 was lost to follow up at 2 months, and there was no documentation regarding initiation of radiotherapy; parents of the patient in Case 7 elected to forgo radiation; and the one in Case 11 died of disease before radiation therapy was initiated. The three who received craniospinal radiation had a mean total dose of 52 Gy, whereas those who received local radiation had 44 Gy. The lower mean dose for local radiation therapy was due to the fact that the patient in Case 9 traveled abroad for radiation therapy and only received 27 Gy in the tumor bed.
At the end of the study period, five patients (45.5%) were alive and free of disease, one (9.1%) was alive with progression, three (27.3%) had died, and two (18.2%) were lost to follow up. The median follow-up duration was 24 months, ranging from 2 to 67 months. The tumor progressed postoperatively in five patients (45.5%). Time to progression ranged from 1 to 11 months, with a median of 6 months. Metastatic disease developed in three patients. The median time to metastasis was 12 months, ranging from immediately postoperatively to 24 months. One patient with evidence of tumor seeding of the spinal cord on postoperative MR imaging was alive and disease free at the end of the study period. In contrast, the remaining two patients, in whom spinal metastases developed at 12 and 24 months postoperatively, had died at 14 and 67 months, respectively. Metastatic lesions were again resected and chemotherapy was administered.
The mean age at diagnosis of the five patients who were alive and disease free at the end of the study period was 6 years. Treatment included chemotherapy as outlined in Table 1, gross-total resection in four of the five patients and subtotal resection in the other, and craniospinal radiation in two, whereas the remaining patients received local radiation to the tumor bed. Figure 2 shows the patient outcome divided by the extent of radiation therapy. Eight patients received some form of radiation postoperatively. The three who received craniospinal radiation had the longest mean PFS and OS times (23.3 and 37.7 months, respectively). The median age at diagnosis for this group was 6 years. The remaining five patients, whose median age was 2 years, were treated with local cranial radiation to the tumor bed. The mean PFS and OS times for this group were 19.8 and 22.2 months, respectively. Finally, three patients did not receive radiation therapy. The median age for this group was 7 months, and the mean PFS and OS times were 4.6 and 5.6 months, respectively. Statistical analysis according to the Fisher exact test showed no significant difference among groups based on the extent of radiation and survival at an alpha value of 5% for PFS, whereas the same analysis of OS showed a significant difference in survival between patients who received craniospinal radiation postoperatively and those who did not (Fig. 2B) .
Extent of Radiation and Patient Outcome

DISCUSSION
First described in 1987, ATRT was subsequently defined in 1996 as a malignant CNS tumor of infancy containing rhabdoid tumor cells next to areas of PNET. 11 Typical nests of rhabdoid cells contain large polygonal cells with eosinophilic cytoplasm and eccentric round nuclei with prominent nucleoli (Fig. 3) . Histologically, ATRTs resemble PNETs and have frequently been misdiagnosed as such in the past. 3, 7 Furthermore, advances in immunohistochemistry in recent years have allowed pathologists to distinguish ATRTs, making diagnosis possible (Fig. 4) . 2, 9 What remains uncertain is the clinical management of the disease in patients with ATRT.
Rorke, et al., 11 report that despite providing adjuvant chemotherapy and radiotherapy postoperatively, the median period of survival for 52 patients in their series was 6 months. The main cause of death was progression of the disease and leptomeningeal spread. The patient with the longest survival time had received craniospinal therapy, lived for 5.5 years postradiation, and died of metastatic recurrence. Burger, et al., 3 summarized 54 patients diagnosed with ATRT in 1998 and found that the mean survival duration was only 11 months when patients were treated with multiagent chemotherapy. Moreover, the ability to distinguish this tumor from PNET has a significant impact on clinical management, because studies have shown that ATRT does not respond to treatment in a manner similar to PNET. 7 Some hope has come from the use of intensified therapy for ATRT. Olson, et al., 8 vincristine ϩ adriamycin ϩ cyclophosphamide [VAdrC]) followed by a course of triple intrathecal therapy to prevent CSF seeding, and then by radiotherapy in three patients with ATRT. The patients were alive and disease free at the end of the study. In 1998, Hilden, et al., 6 reported on four patients who had received a similar intensified chemotherapy regimen (cisplatin, etoposide, vincristine, ifosfamide, and doxorubicin), radiotherapy, and triple intrathecal therapy. Bone marrow transplantation was attempted in patients with progressive disease. Two of the children died, one at 9 months and the other at 20 months after diagnosis, from disease progression without bone marrow transplantation. Another child was disease free 46 months after diagnosis.
Radiation therapy has been used in patients with ATRT as an adjuvant to resection. In 1998, Weiss, et al., 12 reported on three cases of ATRT and reviewed the literature. They found that patients who received radiation doses higher than 30 Gy survived a mean of 16 months, and those who received lower doses or no radiotherapy survived a mean of 6 months. One report exists of the use of gamma knife surgery performed in patients with ATRT that resulted in local control of the postoperative lesion, only to see it progress to diffuse leptomeningeal spread of the disease. 1 The authors of this study concluded that gamma knife surgery may be used in select cases in which the systemic effects of radiation would be detrimental, for example in very young patients.
In 2004, Hilden, et al., 5 reported on 42 patients included in a national ATRT registry. The results confirmed that older children diagnosed with this disease have a better prognosis. The investigators showed an EFS duration of 7.75 months in children younger than 3 years of age, whereas children older than 36 months had a median EFS of 16 months. In this group of patients, the majority underwent resection and chemotherapy as their primary treatment. Those who also received intrathecal chemotherapy (38%) had an EFS duration of 16.5 months and an OS time of 23 months. Those with high-dose chemotherapy and stem cell rescue had an EFS duration of 10 months and an OS time of 21.5 months. Finally, 31% of this group received radiation therapy. The EFS duration in the patients treated with radiation was 48 months, and the OS time was 48 months. Of note, the subgroup that also received radiation therapy had a mean age of 47 months. The authors concluded that radiotherapy remains controversial in the treatment of ATRT but maintain that it may contribute to disease control.
Craniospinal radiation has frequently been used in cases of PNET/medulloblastoma because of its ability to control meningeal dissemination. Our findings indicate a trend in the extent of radiation in association with overall and disease-free survival among patients with ATRT (Fig. 2) ; however, a more detailed analysis of the relationship needs to be explored. At present, there have been no reports on the effectiveness of craniospinal and localized radiation therapy in the management of ATRT.
CONCLUSIONS
In this paper we present a case series of patients with ATRT who were treated in a uniform fashion at one institution. We found ATRT to be a malignant embryonal tumor that arises in children and has a grim prognosis. Nevertheless, the natural progression of the disease can be affected with a combination of resection, multiagent chemotherapy, and craniospinal radiation therapy. Finally, we have shown that survival is prolonged as children mature and when they receive radiation therapy, although these factors could not be assessed separately. 
